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Definitions of dielectric constant and loss  
The capacitance (C) and dielectric loss (ε´´) were directly recorded from the analyzer. The 
dielectric constant (k, ε´) was determined by Equation (1):1 
                        ε´= Cd/εoA                           (S1)  
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Here, εo is the dielectric permittivity in a vacuum (8.85 × 10-12 F/m), A is the area of the electrode 
(m2), and d is the thickness of the film (m). The dielectric constant (ε´) and dielectric loss (ε´´) 
are the respective real and imaginary part of complex dielectric constant (ε̽). The relationship 
among those parameters is expressed by the following Equation (2), 
ε̽ = ε´ - iε´´                             (S2)                                               
where i is the imaginary 1 . The dielectric constant is the stored energy in the medium, 
whereas the dielectric loss represents the energy dissipated. Thus, for the high-quality, low-loss 
low k materials, the capacitance is dominated by the dielectric constant. 
 
Voltage coefficients of capacitance (VCCs) 
The VCCs were determined by using the following equation to fit the experimental data:2         
                         2( ) oC V C V V                            (S3)                     
where α and β represent quadratic and linear VCCs, respectively. Capacitance density-voltage 
linearity is a very important parameter for MIM capacitors (for analog/RF applications). It 
depends on the material properties of the dielectric stack, top and bottom electrodes used, anneal 
conditions, frequency at which C–V measurements are carried out, metal electrode–dielectric 
interface, and physical thickness of the dielectric stack. 
 
Density power law scaling 
It has been noted that the scaling factor of typical lightweight and ultralight bending-
dominated structural materials are between 2 and 3.3 The scaling law factor, n, for hyperbranched 
poly(amidoamine) conjugated silica (HBPCS)4, silica xerogel5, and silica aerogel6, was 
calculated to be 2.43, 3.51, and 4.67, respectively. This is in contrast to the scaling law for the 
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hollow alumina nanolattice, which has n = 1.61.7 This lower scaling law factor explains why the 
hollow alumina nanolattice can maintain its mechanical properties to a larger degree with 
decreasing relative density than the other porous materials mentioned above. 
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Figure 1S. Images and schematics of nanolattice capacitors. SEM side view images of (a) 4 μm 
single unit cell layer, (b) double stacked 4 μm unit cell layers, (c) 8 μm single unit cell layer with 




























































































































4 µm single 
unit cell 
4 µm double 
unit cell 
4 µm double 
unit cell 
8 µm single 
unit cell 





















































Figure S2. (a-c) frequency dependence on dielectric loss of 4 μm single unit cell, 4 μm double 
unit cell, and 8 μm single unit cell layers, respectively. (d-e) voltage dependence on dielectric 
loss of 4 μm single unit cell, 4 μm double unit cell, and 8 μm single unit cell layers, respectively 
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h = 8 m 















Double unit cell 
h = 8 m 
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Figure S3. The relative capacitance   /o oC C C  as a function of applied voltage at varied 
frequencies 
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 800 oCf = 1 MHz
Single unit cell 


































Single unit cell 
































Figure S5. (a) voltage dependence on dielectric loss of 8 μm single unit cell layer at 1 MHz and 
at varied temperatures. (b) frequency dependence on dielectric loss of 8 μm single unit cell layer 








(a) (b) (c) (d) (e) (f)
1st Mean 0.03061 0.03542 0.04048 0.03425 0.0258 0.03531(±) SD 0.00636 0.01001 0.01383 0.00403 0.00395 0.00461
2nd Mean 0.03387 0.0475 0.03034 0.03389 0.02636 0.03571(±) SD 0.00952 0.01629 0.00816 0.00389 0.00366 0.00415
3rd Mean 0.03314 0.04434 0.03323 0.0332 0.026 0.02702(±) SD 0.01171 0.01093 0.01061 0.00448 0.00337 0.0056  
 
Table S1. The values of dielectric losses of the data shown in Figure S1. 
 
 
